Positron lifetime spectra for various concentrations of bromine and oxygen adsorbed on silica gel are investigated. Two-photon angular correlation experiments were also performed on some of these samples to study the quenching process of bromine and oxygen. The cross section for bromine quenching of orthopositronium in silica gel is about two orders of magnitude larger than that for oxygen quenching. The process of bromine quenching of positronium is found to be chemical quenching. Oxygen quenching of positronium in silica gel is found to be conversion quenching. The interaction between positronium and bromine or oxygen in silica gel is found to be similar to that found in the gaseous state. The energy of Ps annihilating in the pores of silica gels is found to be 0.25 + 0. l0 eV.
Abstract. Positron lifetime spectra for various concentrations of bromine and oxygen adsorbed on silica gel are investigated. Two-photon angular correlation experiments were also performed on some of these samples to study the quenching process of bromine and oxygen. The cross section for bromine quenching of orthopositronium in silica gel is about two orders of magnitude larger than that for oxygen quenching. The process of bromine quenching of positronium is found to be chemical quenching. Oxygen quenching of positronium in silica gel is found to be conversion quenching. The interaction between positronium and bromine or oxygen in silica gel is found to be similar to that found in the gaseous state. The energy of Ps annihilating in the pores of silica gels is found to be 0.25 + 0. l0 eV.
Index'Headings: Positronium quenching-Silica gel-Bromine and oxygen
Recently, porous oxides have been used to produce long life and high intensity orthopositronium for investigating physical and chemical properties of positronium and molecule-positronium interaction [,1-3]. In our previous paper we demonstrated that silica gel is a good substrate for studying inhibition and quenching of positronium [-1]. Silica gel is composed of closely bonded primary particles of silica [4] . The voids between these particles are called pores. When a positron enters such a medium, it may annihilate directly with an electron or it may capture an electron to form a positronium in either a singlet state or triplet state. Singlet positronium (p-Ps) will annihilate quickly while triplet positronium (o-Ps) may have a chance to diffuse into the pores and survive much longer [,51.
Experimentally, three positron lifetimes were observed from measurements of positron annihilation in silica gels [,1, 2, 6] . The shortest meanlife, ~1 ~ 10-~~ sec, can be attributed to the direct annihilation of free positrons and the annihilation of p-Ps. The second meanlife, z 2 ~ 10 .9 sec, is attributed to the pickoff annihilation of o-Ps inside silica particles. The longest meanlife, % ~ 10 .8 sec, has been shown to be due to the annihilation of o-Ps in the pores or voids between particles [,1, 5] . The value of z3 not only depends on the pore size but also is highly dependent on the interaction between o-Ps and the molecules on the pore surface. Previously, we have studied positronium lifetimes in various molecules, such as iodine, carbon tetrachloride, water, n-hexane, nitromethane, etc., adsorbed on silica gels [,1,2]. Among these molecules, iodine was found to be an extremely effective quencher of positronium. Even one micro-mole of iodine adsorbed on one gram of silica gel was sufficient to quench the %-component. In this paper, we investigated the positronium quenching effect due to another halogen, bromine, as well as oxygen adsorbed in silica gel. We also studied quenching of positronium using the method of two-gamma angular correlation. system. The whole system was first outgassed for 24 h at a pressure of about 10 -5 Torr. Pure oxygen gas was then transferred and stored in the flask. The positron lifetime measurement was performed on dried silica gel first. Then a small amount of pure oxygen gas was transferred from the flask to the glass tube containing the silica gel sample. A cathetometer was used to determine the concentration of oxygen adsorbed on silica gel by measuring the extension of the calibrated quartz spring. The positron lifetime spectrum was measured again. The procedure for adsorption of bromine on silica gel was similar to that of iodine and other liquids reported previously [1, 23. A standard long slit type of angular correlation apparatus was used for investigating the conversion quenching of positronium. A detailed description of this system was reported previously [81. A typical counting rate in the center of a distribution was about 20 counts per minute, using plastic scintillators 3.75cm diameter and 15cm long with a 1 mCi Na 22 source and 0.8 mrad slits. More than 20000 counts were accumulated for each point in the center region of the distribution.
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Experimental Procedure
The positron lifetime spectra were measured by using a delayed coincidence system with two timeto-amplitude converters (TAC). The timing pulses produced by the photomultipliers are split into two pairs and fed into two different ranges of TAC. The short-range TAC has a linear region of 30 nsec, and the other has a linear region of 300 nsec. This apparatus had an operational time resolution of f.w.h.m. = 0.5 nsec. The details of this apparatus were described previously [7] . Davison grade 05 silica gel was used. Davison technical literature gives the following information about grade 05 gel: surface area =800m2/g, pore volume =0.43 cc/g, and bulk density =0.72g/cm 3. The procedure for preparing the samples for lifetime measurements is as follows. A McBain type of adsorption system with a precision cathetometer was used for preparing oxygen adsorbed samples. A schematic layout of the adsorption apparatus is shown in Fig. 1 . A glass bucket, containing 2.5 g of dried silica gel and a positron source, was suspended on a quartz spiral spring. The spring was hung in a long glass tube which connected to the vacuum line. A large glass flask was also connected onto the same 
